The search for additional Higgs particles and the exact measurements of Higgs (self-)couplings is a major goal of future collider experiments. In this paper we investigate the possible sizes of new physics signals in these searches in the context of the CP -conserving two-Higgs doublet model of type II. Using current constraints from flavour, electroweak precision, and Higgs signal strength data, we determine the allowed sizes of the triple Higgs couplings and the branching fractions of the heavy Higgs bosons into lighter Higgs bosons. Identifying the observed Higgs resonance with the light CP -even 2HDM Higgs boson h, we find that the hhh coupling cannot exceed its SM value, but can be reduced by a factor of 0.56 at the 2 σ level. The branching fractions of the heavy neutral Higgs bosons H and A into two-fermion or two-vector-boson final states can be reduced by factors of 0.4 and 0.01, respectively, if decays into lighter Higgs boson are possible and if the mass of the decaying Higgs is below the tt threshold. To facilitate future studies of collider signatures in 2HDM scenarios with large triple Higgs couplings or decay modes of the heavy Higgs bosons not covered by the SM Higgs searches we provide a set of benchmark points which exhibit these features and agree with all current constraints. We also discuss the effect of the heavy Higgs bosons on the gg → hh cross section at a 14 TeV LHC for some of these benchmarks. For m H below the hh threshold we see a reduction of the SM gg → hh cross section due to destructive interference, but for m H above the hh threshold current constraints allow enhancement factors above 50. An enhancement factor of 6 is still possible in scenarios in which the heavy Higgs particles would not be discovered by standard searches after 300 fb −1 of data.
Introduction
The discovery of a Higgs boson with a mass of 126 GeV is the undisputed highlight of Run I of the Large Hadron Collider (LHC) at CERN [1, 2] . The measured signal strengths agree with the Standard Model (SM) predictions in several production and decay channels of the discovered particle [3, 4] , establishing the Higgs mechanism [5] [6] [7] as the correct theoretical framework of elementary particle mass generation. This achievement has been recognised with the 2013 Nobel Prize for Physics for Peter Higgs and François Englert. However, it is not clear at all whether the Higgs sector is indeed minimal, containing only a single Higgs doublet. The most straightforward way to go beyond the SM is the addition of a second Higgs doublet [8] to the field content of the model. In this paper we focus on the CPconserving two-Higgs-doublet-model (2HDM) of type II and identify the observed 126 GeV state as the lightest CP -even Higgs boson h. Currently a lot of effort is spent to confront the above-described model to LHC data . Remarkably, current data do not at all push the model parameters to the decoupling limit m A,H,H ± → ∞, but permit A and H masses well below 200 GeV [29, [31] [32] [33] A major target of the future LHC programme is the search for Higgs pair production. In the gluon fusion channel, which is the dominant production process, there are two classes of diagrams at leading order contributing to this process, depicted in Fig. 1 . Higgs pair production probes the triple-h coupling which in the SM is entirely fixed in terms of the Higgs mass and vacuum expectation value. The corresponding diagram ( than the box diagram by roughly a factor of 3, depending on the invariant mass of the Higgs pair.
In models with extended Higgs sectors the value of the triple-h coupling can differ from its SM value and additional Higgs bosons can be exchanged in the s-channel. Higgs pair production at hadron and linear colliders has been studied extensively in the literature [34] [35] [36] [37] [38] [39] [40] [41] , and QCD corrections to the SM gg → hh cross section, which is the dominant process, are known to next-to-leading order in the infinite top mass approximation [42] , to subleading orders in 1/m t [43] and beyond next-to-leading order [44, 45] . A recent study [46] has found that within the SM the triple-h coupling can be measured with an accuracy of 40% at the LHC with an integrated luminosity of 3 ab −1 collected at an energy of 14 TeV.
Recent studies have also addressed extended Higgs sectors [47] and the sensitivity of the triple Higgs coupling to new physics [48] . The purpose of this paper is to use all current constraints on the type-II 2HDM parameter space to determine the allowed ranges of the triple-Higgs couplings and the branching fractions of the heavy Higgs bosons in order to prepare the ground for collider studies of the various Higgs pair production and decay channels. Specifically, we address the following questions:
i) To what extent can the triple-h coupling deviate from its SM value?
ii) What are the maximal sizes of the triple-Higgs couplings involving H, A or H ± ? iii) Can decays like H → hh or A → Zh lead to a large suppression of the branching fractions in the standard searches for H and A?
iv) To which extent can gg → hh be enhanced with respect to the SM prediction?
To facilitate future detailed studies of collider signatures we provide a set of benchmark points which maximise the above-mentioned features, but still agree with all experimental and theoretical constraints. This paper is organised as follows: in Section 2 we recall the considered model and fix our notations. Section 3 discusses the input to our analysis, namely Higgs signal strengths, electroweak precision observables, and relevant flavour observables. Section 4 addresses questions i) and ii) above. Questions iii) and iv) are discussed in Section 5, where we define the benchmark scenarios. In Section 6 we present our conclusions.
The physical scalar spectrum of this model consists of two CP -even neutral scalars h and H, a CP -odd neutral scalar A and a charged scalar H ± . The masses of these states are denoted as m φ with φ ∈ h, H, A, H ± . Throughout this paper we assume that the light CP even scalar h is the observed Higgs resonance and keep m h = 126 GeV fixed. For the remaining independent real parameters of the model we choose
where v 1 / √ 2 and v 2 / √ 2 denote the vacuum expectation values of the neutral components of Φ 1 and Φ 2 , respectively, and α denotes the mixing angle of the two CP -even neutral Higgs bosons. In this parametrisation the tree-level couplings of the Higgs bosons to SM vector bosons and fermions only depend on tan β and β − α. The couplings of the light CP -even Higgs boson h are SM-like for β − α = π/2. We call this the alignment limit. To express the quartic couplings λ i in terms of the physical parameters (2.2) we use the tree-level relation
with M Z = 91.1878 GeV, M W = 80.3693 GeV and α em ≡ α em (M Z ) = 1/128.9529 [50] .
To compare the different triple Higgs couplings in the 2HDM with the SM triple Higgs coupling we define the ratios
where
denotes the corresponding 2HDM triple Higgs coupling and g SM hhh denotes the SM triple Higgs coupling with a fixed SM Higgs mass of
In the alignment limit β − α = 
Theoretical and Experimental Constraints
For a detailed discussion of the theoretical and experimental constraints included in our analysis we refer to our previous paper [31] . Here we only briefly list the included constraints and comment on some updates and improvements which we made since the previous paper [31] . The theoretical constraints are
• positivity of the Higgs potential [51] ,
• stability of the vacuum [52] and
• perturbativity of the Higgs self-couplings.
The perturbativity constraint is implemented in our analysis by requiring
where S is the tree-level scattering matrix for Higgs and longitudinal gauge bosons, as defined in [53] , and the matrix norm · is the magnitude of the largest eigenvalue. The unitarity of the tree-level S-matrix, implemented in a partial-wave analysis of the twoparticle Fock states involving Higgs or longitudinal gauge bosons, requires S φφ ≤ 1, i.e. Λ max = 16π. This bound has been studied for the 2HDM in [53] [54] [55] [56] [57] and allows the λ i in (2.1) to be as large as a few multiples of π. For the SM, the unitarity analysis has been taken to the two-loop level in [58] . In [59] upper bounds on the SM Higgs coupling have been derived by imposing certain consistency conditions on the perturbative series (order-by-order reduction of scheme and scale dependences). Both analyses have resulted in significantly tighter upper bounds on the on Higgs quartic coupling which, for the SM, corresponds roughly to Λ max = 2π. In this paper we present results for two choices of Λ max : a loose bound Λ max = 16π and a tight bound Λ max = 2π. We advocate the use of the tight bound. The loose bound is only included to show the sensitivity of certain features in our plots to the implementation of the perturbativity constraint and to facilitate comparisons with studies that only use tree-level unitarity to constrain the size of the quartic Higgs couplings.
The experimental constraints included in our analysis are
• the signal strengths of the light CP even Higgs boson h, as measured by the ATLAS [3] and CMS [60] collaborations,
• the CMS exclusion limits for a heavy Higgs decaying into W W , ZZ [61] or τ τ [62] final states,
• the full set of electroweak precision observables [63] (see [31] for details) and
• the flavour constraints relevant for the low tan β region, i.e. the constraints from the mass splitting ∆m Bs of the neutral B s system and the branching fraction Br(B → X s γ).
Compared to our previous analysis [31] , the signal strength inputs have been improved by including the correlations between the different Higgs production mechanisms. To this end, we compute for each final state X ∈ {γγ, ZZ, W W, bb, τ τ } the signal strengths
where the subscripts 'ggF', 'ttH', 'VBF' and 'VH' stand for 'gluon fusion', 'tt associated production', 'vector boson fusion' and 'Higgsstrahlung', respectively and the superscripts indicate the model in which the corresponding quantity is evaluated. The central values, errors and correlations of the µ X ggF+ttH and µ X VBF+VH are then extracted from [60] , respectively. To compute the Higgs production cross sections and branching fractions in the 2HDM we follow the recommendations of [64] . In particular, we now compute the gluon fusion production cross sections for 2HDM Higgs bosons by scaling the top-loop and bottom-loop contributions and their interference with appropriate 2HDM/SM ratios of Higgs-top and Higgs-bottom couplings. The constraints from heavy Higgs searches in the W W and ZZ final states were improved by using the combined limits from Fig. 10 of [61] . In addition, we now use the model-independent limits from heavy Higgs searches in the τ τ final state from [62] (median expected limits from Tabs. 7 and 8). Finally, our implementation of the electroweak precision observables now uses the updated result [65] for the SM prediction of R b in [66] .
Our analysis makes use of several public codes. For the computation of effective ggh and hγγ couplings and 2HDM contributions to electroweak precision observables we use FeynArts 3.5, FormCalc 7.0 and LoopTools 2.7 [67] [68] [69] . The SM contributions to the electroweak precision observables are computed with Zfitter 6.43 [70] [71] [72] and combined with the 2HDM contributions following the prescription in [73] . SM Higgs production cross sections and partial widths were calculated with HIGLU 4.00 [74] and HDECAY 6.10 [75] [76] [77] . The latter code was also used to calculate 2HDM branching fractions. The fits were done with the myFitter framework [78] which in turn uses Dvegas 2.0.3 [79-81] for adaptive parameter scans. The fit results were cross-checked with an independent implementation in the CKMfitter framework [82] .
Fit Results

Couplings to Vector Bosons and Fermions
The tree-level couplings of the 2HDM Higgs bosons to vector bosons and fermions are completely determined by the parameters tan β and β − α. Fig. 2 shows the regions in the tan β-(β − α)-plane which are allowed at 1 σ, 2 σ and 3 σ for tight (blue) and loose (green) perturbativity bound. For each combination of tan β and β − α we perform a likelihood ratio test (LRT), i.e. we compute the difference ∆χ 2 of minimum χ 2 -values obtained in the fit with all parameters free and the fit with tan β and β − α fixed. The number of standard deviations (sigmas) in this paper are two-sided Z-scores and are calculated in the asymptotic limit, i.e. by assuming that ∆χ 2 has a chi-square distribution with two degrees of freedom. Under this assumption the ∆χ 2 values corresponding to 1 σ, 2 σ and 3 σ are 2.3, 6.2 and 11.8, respectively.
We see that at 1 σ the value of β − α must be fairly close to π/2-the alignment limit where the h couplings are SM-like. At the 1 σ level deviations of more than 0.01π are only possible for tan β between 0.8 and 8. The loose perturbativity bound admits slightly larger deviations of β − α from π/2 for tan β < 2. For tan β > 2 and β − α ∈ [0.45π, 0.55π] there is essentially no difference between the two perturbativity bounds. There is an additional "island" in the tan β-(β − α)-plane where β − α can be as small as 0.3π. For the loose perturbativity bound this island is allowed at 2 σ. For the tight bound it is only allowed at Allowed region in the tan β-(β − α)-plane. Shown are in blue the regions allowed at 1 σ (dark), 2 σ (medium) and 3 σ (light) for the tight perturbativity bound (Λ max = 2π) as well as the corresponding regions for the loose perturbativity bound (Λ max = 16π) in green. Note that the lower strip is allowed at 2 σ for Λ max = 16π but only at 3 σ for Λ max = 2π.
Triple Higgs Couplings
From (2.6) we know that c hhh = 1 in the alignment limit. Thus, deviations of the triple-h coupling from its SM value, i.e. c hhh = 1, imply β − α = π/2 and therefore only appear in conjunction with corresponding deviations of h couplings to fermions and gauge bosons. The observed Higgs signal strengths can therefore be used to constrain the possible deviations of the triple h coupling in the 2HDM. To calculate these constraints, we perform a LRT of the 2HDM with c hhh fixed. Fig. 3a shows the p-values of the test as a function of the value of c hhh . The p-values were computed by assuming a chi-square distribution with one degree of freedom for ∆χ 2 . For the loose perturbativity bound (dashed line) we see that the magnitude of c hhh can reach 1.7 at 2 σ. A reduction of the coupling to zero is also possible at 2 σ. At 1 σ (and for Λ max = 16π) the magnitude of c hhh cannot exceed 1 and must be bigger than 0.25. The best-fit scenarios outside the 1 σ region for the loose perturbativity bound feature quartic couplings λ i (c.f. (2.1)) with magnitude above 10. If we impose the tight perturbativity bound the magnitude of c hhh can no longer exceed 1 at 3 σ. It can be reduced to 0.72 at 1 σ, to 0.56 at 2 σ and to 0.4 at 3 σ.
The coupling ratio c hhH vanishes in the alignment limit and is thus also strongly constrained by the Higgs signal strengths. Fig. 3b shows the ranges for c hhH allowed at the 1, 2 and 3 σ levels as a function of m H . For m H 400 GeV the 1 σ contour for the loose perturbativity bound coincides with the corresponding contour for the tight perturbativity bound. The best-fit points inside this contour are close to the alignment limit and mainly constrained by the Higgs signal strengths. For the tight perturbativity bound the allowed region does not increase significantly when we go to the 2 or 3 σ level, but it does for the loose perturbativity bound. This is due to the fact that the loose perturbativity bound allows scenarios far away from the alignment limit at 2 σ, as seen in Fig. 2 .
The remaining triple Higgs couplings are not fixed in the alignment limit and their allowed range is mainly determined by the perturbativity requirement. Consequently, the 
Branching Fractions
The search for additional Higgs resonances in the 2HDM is complicated by the possible existence of tree-level decays into lighter Higgs bosons like H → hh or A → Zh. If kinematically allowed, these decays compete with the standard decay modes H, A → X std , where X std stands for all 'standard' final states which do not contain another Higgs boson (i.e. gg, γγ, W W , ZZ, Zγ, tt, bb, τ τ etc.). Of course the non-standard decays may also be regarded as alternative discovery modes for the heavy Higgs bosons or as additional sources of background for the observation of the light SM-like Higgs. To estimate the possible size of the non-standard branching fractions of the heavy Higgs bosons we show the 1, 2 and 3 σ allowed regions in the m H -Br(H → X std ) plane in Fig. 4a . Only the results for the tight perturbativity bound are displayed. To achieve the largest non-standard branching fractions the mass of the decaying Higgs boson has to be below the tt threshold, so that the non-standard decays do not have to compete with the large tt partial width. In this mass region the branching fraction Br(H → X std ) can drop below 40% at the 2 σ level. This is due to the non-standard H → hh decay. The branching fraction Br(A → X std ) can drop below 1% at the 2 σ level if m A is in the narrow window between 320 GeV and 2m t . This is due to a non-trivial interplay of all constraints in our fit: since couplings involving the light Higgs cannot be enhanced very much, the largest non-standard partial widths are obtained for heavy-toheavy decay modes like A → ZH. For this decay to be open we need a mass splitting of more than 90 GeV between A and H. To close the competing A → tt decay channel, m A must be below 2m t ≈ 350 GeV, which puts m H below 260 GeV. But electroweak precision constraints require one of the two heavy neutral Higgs bosons to be almost degenerate with the charged Higgs, and flavour constraints force the charged Higgs mass to be above approximately 320 GeV. Since the charged Higgs cannot be degenerate with H (as m H is below 260 GeV) it must be degenerate with A, and this means m A must be between 320 GeV and 2m t to achieve the largest A → ZH partial width. For m A above 2m t the branching fraction Br(A → X std ) can still be below 8% at the 2 σ level, but the lower limit increases with m A . For m A 400 GeV the A → H ± W ∓ decays are possible without violating the constraint on m H ± from Br(B → X s γ). As a result, standard branching fractions as low as 30% are allowed at 1 σ for m A ≈ 400 GeV.
Phenomenology
Benchmarks
The previous section has shown that today's measurements place severe constraints on parameters of the 2HDM of type II to be probed in Run II of the LHC and at a future linear collider. Our results can serve as input for studies of collider signals in the type-II 2HDM. In practice, these are only feasible for a small number of benchmark points. The benchmarks should maximise the collider signal under investigation while being in agreement with all existing constraints. Therefore, the criteria by which the benchmark points should be selected depend on the physics one wants to investigate. In searches for (non-resonant) Higgs pair production one is generally interested in scenarios with large triple Higgs couplings, while searches for heavy Higgs resonances with non-standard decay modes need benchmarks where the branching fractions of the non-standard decays are as large as possible. In this section we provide benchmark points for the type-II 2HDM which are tailored for these two types of new physics searches.
Our benchmarks for large triple-Higgs couplings are summarised in Tab. 1. The benchmarks were constructed from best-fit parameters corresponding to points inside the 2 σ allowed regions in Figs. 3a-e and as close as possible to their edges. As such, they agree with all constraints in our fit at the 2 σ level. Benchmark a-1 corresponds to Fig. 3a and is chosen to minimise the absolute value of c hhh . Benchmarks b-1 to b-4 correspond to Tab. 2 contains benchmarks featuring large non-standard decay rates of the heavy Higgs bosons H and A. They were constructed from best-fit points inside the 2 σ contours in Fig. 4 and as close as possible to their edges. The branching fractions of H and A for these benchmark points are given in Tabs. 3 and 4, respectively. We see that for scenarios that minimize Br(H → X std ) (at the 2 σ level) the largest non-standard decay rate is Br(H → hh) while for scenarios that minimize Br(A → X std ) the largest non-standard decay rate is Br(A → ZH). Table 1 . Benchmark scenarios with enhanced/reduced triple Higgs couplings. Benchmark a-1 approximates the best-fit scenario with reduced hhh coupling at the edge of the 2 σ interval in Fig. 3a . Benchmarks b-1 to b-4 approximate the best-fit scenarios associated with points on the 2 σ contour in Fig. 3b . Benchmarks c-1 to e-4 are related to Figs. 3c, 3d and 3e in an analogous way. All points are allowed at the 2 σ level. Table 2 . Benchmark scenarios with large non-standard decay rates of heavy Higgs bosons. Benchmarks H-1 to H-4 approximate the best-fit scenarios associated with points on the lower 2 σ contour in Fig. 4a . Benchmarks A-1 to A-4 are related to Fig. 4b in an analogous way. All points have a ∆χ 2 less than 6.2, i.e. are allowed at 2 σ in a LRT with two degrees of freedom.
Higgs Pair Production in the Gluon Fusion Channel
As we have seen in Section 4 the triple Higgs coupling between the light Higgs state cannot be enhanced. However, this does not mean that the gluon fusion cross section σ(gg → hh) cannot be enhanced with respect to the SM. In the second diagram of Fig. 1 For m H > 2m h this diagram represents a resonant H production with a subsequent nonstandard decay into hh, while for m H < 2m h it gives a non-resonant contribution to the hh production cross section.
In the non-resonant case we expect large deviations of σ(gg → hh) from its SM value when |c hhH | is large and m H just below the hh threshold. However, for m H < 2m h the absolute value of c hhH is constrained to be below approximately 0.17 at the 2 σ level, as can be seen in Fig. 3b . To study such a scenario in detail we computed σ(gg → hh) for benchmark b-1 (see Tab. 1). Using the set-up described in Ref. [39] and a modified version of HPAIR [42] with the type-II 2HDM implemented, we obtain σ(gg → hh) 2HDM,b-1 = 30.3 fb at the LHC with 14 TeV. This is a reduction of 10% compared to the SM value σ(gg → hh) SM = 33.5 fb, and is due to the fact that the triangle diagram (c.f. Fig. 1) involving the heavy Higgs H interferes destructively with the box diagram and the triangle diagram involving the light Higgs h. In addition, the hhh and htt couplings are slightly reduced in this scenario. These results indicate that a large enhancement is not possible in the non-resonant case.
In the resonant case we expect large enchancements of σ(gg → hh) when the H → hh decay has a large branching fraction. This situation is realised in benchmarks H-1 to H-4 (see Tab. 2). Fig. 5 shows the 2HDM/SM ratio of the gg → hh cross section as a function of the hadronic centre of mass energy for these benchmarks. The magnitude of c hhh is close to 1 for all these benchmarks, which means that the contribution from the diagram with the s-channel h exchange is SM-like. We see that the gg → hh cross section can be enhanced by more than a factor 50 for benchmarks H-1 and H-2 and that benchmark H-3 still gives a factor 6 enhancement. We also investigated the possibility that the only hints for heavy Higgs resonances at the 14 TeV run of the LHC after 300 fb 
Conclusions
The existing data from flavour, electroweak precision and Higgs physics imposes severe constraints on extended Higgs sectors and can be used to to put limits on the possible size of signals in future collider searches. In this paper we studied the bounds on triple Higgs couplings and branching fractions of non-standard decays of heavy Higgs bosons (i.e. decays into other Higgs bosons) in the context of the CP conserving two-Higgsdoublet-model of type II. Our analysis uses current experimental constraints from flavour, electroweak precision and Higgs data as well as theoretical constraints such as positivity of the Higgs potential, vacuum stability and perturbativity. While our results were presented for two different implementations of the perturbativity bound, we advocate the use of the "tight" bound which requires the magnitude of the eigenvalues of the tree-level φφ → φφ S-matrix to be below 1/8. With regard to the questions (i) to (iv) raised in the introduction, our results may be summarised as follows: i) assuming that the observed Higgs resonance is the light CP -even Higgs boson h of the 2HDM, the data on Higgs signal strengths pushes the parameters of the 2HDM close to the alignment limit, where the couplings of h are SM-like. In this limit, also the hhh coupling is SM-like and the hhH coupling vanishes. Deviations of these couplings from the alignment limit are therefore strongly constrained by the observed Higgs signal strengths. Using all available theoretical and experimental constraints we have shown that an enhancement of the hhh coupling is forbidden at the 3 σ level, while a reduction by a factor of 0.56 is possible at the 2 σ level (Fig. 3a) .
ii) The allowed range for the hhH coupling increases linearly with m H and then saturates at 2.5 times the size of the SM hhh coupling (Fig. 3b) . The hHH, HHH, hAA and hH + H − couplings are not fixed in the alignment limit and are therefore mostly constrained by the requirement of perturbativity. Their allowed ranges also increase and then saturate with the mass of the corresponding heavy Higgs boson. Using the tight perturbativity bound we find that these couplings can be at most 5.5 times as large as the SM hhh coupling (Figs. 3c-f ).
The results of our fits were condensed into a set of benchmark points (Tab. 1) which agree with present experimental data at the 2 σ level and feature large triple Higgs couplings. These benchmarks can be used to study collider signatures for processes like Higgs pair production, where large triple Higgs couplings lead to enhanced signals.
iii) To estimate the possible suppression of heavy Higgs signals due to non-standard decay modes (i.e. decays involving another Higgs boson) we have determined the allowed range of the standard branching fractions Br(H → X std ) and Br(A → X std ) (with X std = gg, W W, ZZ, tt, bb, τ τ, . . .) as a function of the decaying Higgs mass. We find that the strongest suppression of the standard decay modes occurs for heavy Higgs masses below the tt threshold. If m H is below 2m t the branching fraction Br(H → X std ) can be reduced to 40% at the 2 σ level due to the competing H → hh decay. Above the tt threshold values of Br(H → X std ) as low as 70% are still possible (Fig. 4) . The branching fraction Br(A → X std ) for the pseudo-scalar A can be much smaller when competing heavy-to-heavy decays like A → ZH or A → W ± H ∓ are kinematically allowed. This is due to the fact that the relevant triple Higgs couplings are not as strongly constrained as the couplings involving the light Higgs h. The strongest reductions of Br(A → X std ) which are allowed at the 2 σ level occur when the A → ZH decay is open. for m A between 320 GeV and 2m t this can lead to a reduction below 1%.
To facilitate further studies of 2HDM scenarios with large non-standard branching fractions we have provided benchmark points with maximal non-standard decay rates (Tab. 2).
iv) To study the effect of the heavy Higgs boson H in light Higgs pair production we have calculated the gg → hh cross section at the 14 TeV LHC for our benchmark points b-1 and H-1 to H-4. For benchmark b-1 the heavy Higgs only gives a non-resonant contribution and actually leads to a reduction of the cross section compared to the SM. This is due to a destructive interference between the triangle diagram (c.f. Fig. 1 ) and the diagrams involving only the light Higgs h. For benchmarks H-1 to H-4 the heavy Higgs is produced on-shell and then decays into an hh pair. In scenarios H-1 and H-2 the SM gg → hh cross section is enhanced by more than a factor 50. For H-3 we still find an enhancement by a factor 6 (Fig. 5) .
Using a naive extrapolation of the current limits for heavy Higgs resonances we find that benchmarks H-1 and H-2 can be verified or ruled out by standard A → τ τ searches with 300 fb −1 of data at a 14 TeV LHC. However, for benchmarks H-3 and H-4 the heavy Higgs bosons would still be invisible to these searches and the only hint for their existence might be the enhanced gg → hh cross section.
It is often stated that a measurement of the hhh coupling may reveal new physics. In this paper we have found that this statement does not apply for the discrimination of the SM and the 2HDM of type II. Current data on the h couplings to vector bosons and fermions (together with flavour and electroweak precision data) already constrain the maximally possible deviation of the 2HDM hhh coupling from the SM limit to be of the order of the experimental accuracy expected from 300 fb −1 of 14 TeV LHC data. This means that substantial improvements in the SM theoretical predictions and in experimental tools are required to discriminate between the type-II 2HDM and the SM by means of the triple h coupling. While the h pair production cross section in gluon fusion may be significantly enhanced in the 2HDM (see (iv) above), this feature is mostly independent of the size of the hhh coupling.
